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Background: Frailty is considered to be a clinical syndrome characterized by decreased physiological reserves associated 
with a greater risk of health-related problems, hospitalization, and death. The current study examined hospitalization, 
falls, cognitive decline and disability between robust, prefrail and frail elderly in one year. 
Methods: 110 participants aged 65 or more who visited two senior welfare centers in Seoul from February 2008 to June 2008 
were surveyed again from March 2009 to June 2009 with demographic characteristics, number of chronic diseases and 
medication, study of osteoporotic fractures (SOF) frailty index, instrumental activity of daily living (IADL), depression, 
mini-mental state examination-Korean version (MMSE-K), falling history and admission history within one year. These 
results were compared with participants' previous survey done one year ago. 
Results: Among total 110 subjects, 48 (44%) robust, 30 (27%) prefrail, and 32 (29%) frail subjects changed to 26 (24%), 54 
(49%), and 30 (27%) respectively over the year. There were statistical significances in age, number of chronic disease, 
depressive mood, MMSE, falls, hospitalization, IADL disability contributing to frailty (P < 0.05). Frailty defined by 
SOF frailty index was associated with greater risk of adverse outcomes. Frail subjects had a higher age-adjusted risk of 
cognitive function decline (odds ratio [OR], 3.57), disability (OR, 9.64), fall (OR, 5.42), and hospitalization (OR, 4.45; P < 
0.005). 
Conclusion: The frailty index like SOF frailty index might predict risk of falls, disability, hospitalization, and cognitive 
decline in the elderly, emphasizing special attention to the individuals showing frailty in outpatient examination.
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INTRODUCTION
Frailty is a state of increased vulnerability to stressors 
that results from decreased physiological reserves and multi-
system dysregulation, or a state of limited capacity to maintain 
homeostasis and to respond to internal and external stresses. 
Frailty is an aggregate expression of risk resulting from age or 
disease associated physiologic accumulation of subthreshold 
decrements affecting multiple physiologic systems resulting in 
adverse health outcomes.
1)
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2. Measurements 
All participants were surveyed by 1 doctor with structured 
questionnaire and screening tools of depression, cognitive 
function, disability and, study of osteoporotic fractures (SOF) 
frailty index, and were asked about health status, education, 
economic status, smoking history, falls, hospitalization during the 
previous year. 
1) Demographic characteristics
Age, sex, education level, religion, marital status, cohabitant, 
and economic status were asked. 
2) Health status
Presence or absence of chronic illness (hypertension, 
diabetes mellitus, stroke, cancer, dementia, Parkinson’s disease, 
dyslipidemia, coronary heart disease, chronic obstructive lung 
disease) and number of medication intake were asked.
3) SOF frailty index
7)
Frailty de￿ned according to the SOF index was identi￿ed by 
the presence of two or more of the following three components at 
the one year follow-up examination; a) Weight loss (unintentional 
weight loss) of 5% or more between the baseline and second 
examination, b) Inability to rise from a chair ￿ve times without 
using the arms, c) Poor energy as identi￿ed by an answer of “no” 
to the question “Do you feel full of energy?” on the geriatric 
depression scale. Participants with none of the above components 
were considered to be robust, and those with one component 
were considered to be in prefrail state. 
4) Instrumental activities of daily living (IADL)
Participants indicated whether they were able to perform 
10 IADLs based on K-IADL scale by Won,
8) such as grooming, 
doing housework, preparing for own meals, doing laundry, going 
out, ability to use public or private transport, shopping, managing 
money, using a telephone, and being responsible for their own 
medication. Disability was defined as one or more new IADL 
impairments
7) from the previous score. 
5) Mini-mental state examination-Korean version (MMSE- K)
Mini-mental status examination developed by Folstein 
et al.
9) in 1975 was revised and adjusted by Kwon
10) in 1989. 
frailty in relation with disability, cognitive impairment, falls and 
hospitalization due to following reasons. As the population ages, 
disability is becoming an increasingly important concept both 
for its public health consequences as adverse health outcomes 
and increasing costs and for impaired quality of life of the older 
population.
2) 
Cognitive impairment is a known risk factor of many ge-
ri a tric outcomes, and the assessment of mental status is a 
routine part of most geriatric evaluations in the clinical setting. 
Functional and cognitive declines are associated not only 
with loss of independence and reduced quality of life for older 
adults, but also with increased health service use, greater risk for 
institutionalization and mortality.
Falls have been recognized for decades by health care 
professionals as an etiology of injury, but were not seen as an 
important independent marker of frailty until more recently. ￿ey 
are associated with a high mortality that is not always explainable 
by the fall injury itself.
3) For good reason, today fall is considered 
a health problem on its own and a unique geriatric syndrome.
4) 
Hospitalization has been shown to increase the risk of functional 
decline and disability in older adults.
5) 
There are many studies to elucidate the concept of frailty, 
aging and disability in order to increase quality of life of the elderly 
in developed countries. ￿e purpose of this article is to describe 
frailty as an indicator of risk factors for various adverse health 
outcomes
6) listed above in the growing population of elderly in 
Korea.
METHODS
1. Participants
From February 2008 to June 2008, a total of 302 outpatients 
of 65 years old or older who visited senior welfare centers located 
in Seoul and Gyeonggi province participated in the baseline 
examination of the frailty study. From March 2009 to June 
2009, we visited 2 centers in Seoul, and 110 participants of total 
178 subjects at Seoul area who participated last year and were 
still visiting the centers or could be reached in telephone were 
surveyed with a questionnaire or examination for frailty criteria 
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or no) obtained by self report.
3. Statistical Analyses
SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA) was used. 
Pearson’s chi-square tests were used to analyze characteristics 
of participants by category of frailty status in correlation with 
age, sex, education, marital status, family income, BMI, number 
of chronic disease, number of current medication, presence of 
depressive mood, MMSE, falls, hospitalization, IADL disability 
and smoking. Age and sex adjusted adverse outcomes were 
calculated using logistic regression to analyze the association 
between frailty indicators and the odds of cognitive function 
decline, disability, fall and hospitalization in the subsequent year. 
The relative risk (approximated as odds ratio [OR]) of each 
outcome with 95% con￿dence intervals (CI) was estimated for 
participants categorized as prefrail and those as frail using robust 
as the referent group. 
RESULTS 
The baseline characteristics of the study participants are 
shown in Table 1. The mean age of 110 participants was 74.23 
± 5.51. 27.3% of participants were frail with more than 2 
components by SOF frailty index criteria, 49.1% were prefrail 
with 1 component of SOF, and 23.6% were robust with none of 
the components. Of individual SOF frailty index components, 
MMSE-K shows summed score of 30 that consists of orientation 
of time and place (10), memory (3), recall (3), calculation 
and concentration (5), comprehension and judgment (2), and 
language (7). Decrease of summed score by 3 or more compared 
with score of last year was defined as having had a long-term 
cognitive decline.
11)
6) Depression
Hoyl geriatric depression scale (GDS)-5
12) consists of 5 
items from 15-item GDS by Sheikh et al.
13) which proved higher 
sensitivity, specificity, positive predictive value for screening 
compared to other short forms of GDS in study by Park et al.
14) 
The items consist of whether the person is satisfied with life (1 
on no), gets bored (1), often feels helpless (1), prefers to stay 
home rather than going out and doing new things (1), feels pre￿y 
worthless the way it is (1) within past one week, with scores over 
2 de￿ned as having depressive mood.  
7) Falls
Asked history of any fall in the previous year (yes or no) 
obtained by self report. 
8) Hospitalization
Asked history of any hospitalization in the previous year (yes 
Table 1. Characteristics of 110 participants.  
Characteristics  Values
Age (y) 74.23 ± 5.51
Frail status by SOF index  
   Robust 26 (23.6)
   Prefrail 54 (49.1)
   Frail 30 (27.3)
Individual SOF index components  
   Weight loss* 18 (14.6)
   Reduced energy level
† 54 (43.9)
   Inability to rise from chair
‡ 51 (41.5)
Values are presented as mean ± SD or number (%). 
SOF: study of osteoporotic fractures.
*Unintentional weight loss of 5% or more during 1 year before the 
examination. 
†Answer of "no" to the question "Do you feel full of 
energy?"
 ‡The subject's inability to rise from a chair 5 times without 
using the arms.  
Figure 1. Change of frailty status in 12 months. SOF: study of osteo-
porotic fractures.Eun Young Shim, et al: Correlation between Frailty and Health-related Outcomes
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reduced energy level was highest with 43.9%; inability to rise 
from chair and weight loss was 41.5% and 14.6% of the reply, 
respectively. 
Among total 110 subjects, 48 (44%) robust, 30 (27%) 
prefrail, and 32 (29%) frail elderly identified in the previous 
year changed to 26 (24%), 54 (49%), and 30 (27%) respectivey 
Table 2. Characteristics of participants by category of frailty status 
as defined by the study of osteoporotic fractures (SOF) index.*
Characteristics Robust Prefrail Frail P-value
Age (y) 0.026
   65-69 12 (37.5) 16 (50.0) 4 (12.5)
   70-74   7 (21.9) 16 (50.0) 9 (28.1)
   75-80   7 (21.2) 17 (51.5) 9 (27.3)
   ≥80     0 (0)    5 (38.5) 8 (61.5)
Sex 0.073
   Male    9 (17.6) 31 (60.8)  11 (21.6)
   Female 17 (28.8) 23 (39.0)  19 (32.2)
Education 0.100
   None 4 (16.7)    9 (37.5)   11 (45.8)
   Elementary 6 (18.2) 17 (51.5)  10 (30.3)
   Middle 8 (40.0)    6 (30.0) 6 (30.0)
   High 6 (36.1) 14 (60.9) 3 (13.0)
   College 2 (22.2)    7 (77.8) 0 (0)
    ≥ Postgraduate  0 (0)      1 (100.0) 0 (0)
Marital status 0.389
   Married 15 (27.3) 28 (50.9)  12 (21.8)
   Widowed or single 11 (20.0) 26 (47.3)  18 (32.7)
Family income
† 0.123
   <40 8 (16.0) 24 (48.0)  18 (36.0)
   40-100 9 (23.7) 20 (52.6) 9 (23.7)
   >100 9 (40.9) 10 (45.5) 3 (13.6)
Body mass index (kg/m
2) 0.516
   <18.5 1 (16.7)    2 (33.3) 3 (50.0)
   18.5-22.9  14 (29.2) 20 (41.6)  14 (29.2)
   23-24.9 7 (21.9) 20 (62.5) 5 (15.6)
   ≥25 4 (16.7) 12 (50.0) 8 (33.3)
No. of chronic disease
‡ 0.002
   None 9 (45.0)    9 (45.0) 2 (10.0)
   1 8 (25.8) 18 (58.1) 5 (16.1)
   2 8 (18.6) 23 (53.5)  12 (27.9)
   3   1 (7.1)    4 (28.6) 9 (64.3)
   ≥4   0 (0)         0 (0)   2 (100.0)
Table 2. Continued.
Characteristics Robust Prefrail Frail P-value
No. of current medication 0.032
None 7 (46.7)    6 (40.0)   2 (13.3)
1 6 (42.9)    6 (42.9)   2 (14.2)
2-3 7 (19.4) 21 (58.3)   8 (22.3)
≥4 6 (13.3) 21 (46.7) 18 (40.0)
Depressive mood
§ 0.000
Yes 2 (3.3) 31 (51.7) 27 (45.0)
No 24 (48.0) 23 (46.0) 3 (6.0)
MMSE 0.000
≤19 1 (7.1)    5 (35.8)   8 (57.1)
20-24 2 (8.7)   9 (39.1) 12 (52.2)
25-30 23 (31.5) 40 (54.8) 10 (13.7)
Falls in previous 12 mo  0.003
Yes 1 (3.8) 13 (48.1) 13 (48.1)
No 25 (30.1) 41 (49.4) 17 (20.5)
Hospitalization in previous 12 mo  0.003
Yes    3 (14.3)    6 (28.6) 12 (57.1)
No 23 (25.9) 48 (53.9) 18 (20.2)
IADL disability
∥ 0.000
Yes    3 (11.5)    7 (26.9) 16 (61.6)
No 23 (27.3) 47 (56.0) 14 (16.7)
Smoking 0.331
Never 23 (27.4) 37 (44.0) 24 (28.6)
Former   2 (13.3)   9 (60.0)   4 (26.7)
Current    1 (9.1)   8 (72.7)   2 (18.2) 
Values are presented as number (%). P-value from x
2 test for out-
comes comparing a difference between any of the 3 study groups. 
MMSE: mini-mental state examination, IADL: instrumental acti-
vity of daily living.
*Analyzed with chi-square test. 
†To be expressed in ten thousand 
Won in Korean currency.
 ‡History of 1 or more selected medical 
conditions including stroke, cancer (excluding skin cancer), 
dementia, hypertension, parkinsonism, diabetes mellitus, 
dyslipidemia, coronary heart disease, and chronic obstructive lung 
disease. §Score over 2 by Hoyl geriatric depression scale (GDS)-5 
indicates depressive mood.
∥Having difficulties in or inability to 
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as defined by validated phenotype at baseline, was associated 
with the likelihood of developing cognitive function decline, falls, 
hospitalization and disability in 12 months follow-up. ￿ere are 
various means of assessing frailty in the elderly. Ma et al.
15) used 
Cardiovascular Health Study (CHS) index based on 5 domains 
and SOF frailty index based on 3 domains in previous study. 
￿ese two indices of frailty showed similar odds ratios between 
frailty and disability and prevalence of frail patient in senior 
welfare centers in Korea as resulted previous our study.
As SOF frailty index with only three components (weight 
loss, inability to rise from a chair, and poor energy) is very simple, 
measurement of frailty using this index can seem to be insu￿cient 
to provide useful operationalization to frailty, but Ensrud et al.
6) 
suggested that there was no difference between the SOF index 
and the CHS index in discriminating falls, disability, nonspine 
fracture or death. 
In spite of former results that the SOF index is useful in the 
evaluation of frailty in the elderly, it seems to lack con￿dence in 
longitudinal characterization of change in frailty status over time 
because a change of at least 1 component can fluctuate frailty 
status within 3 categories as seen in Figure 1.
Of the participants, reduced energy level was the most 
answered component in frail and prefrail group. Hoyl GDS-5 is 
to be answered assuming that the symptom appeared in the past 
one week, whereas SOF index applied to the past one year. ￿e 
variance might have occurred in these two di￿erent measures of 
depression although most of the participants who had depressive 
mood answered “no” to the question “Do you feel full of energy?” 
Nevertheless, as frailty is a dynamic process involving change 
over time, longitudinal multiple assessments of the different 
components are often necessary and 3 components of SOF 
index could change each status in fluctuation. This means the 
frail status of older person at just assessment time is important for 
application of intervention to improve health status of the elderly.
We used IADL instead of basic ADL (BADL) to predict the 
disability in frail status. Of the two measures of physical disability 
included in the study of Ravaglia et al.,
16) difficulty with IADL 
rather than ADL was an independent predictor of mortality. 
￿is may re￿ect the fact that the ADL index, taken as predictor 
of functional decline, is weaker than IADL because it captures 
disability only at the extreme end of the disabling process.
Hoyl GDS-5
17) showed the highest sensitivity (97.9%) over 
during follow-up of 12 months (Figure 1). ￿ere were statistical 
signi￿cances in age, number of chronic disease, depressive mood, 
MMSE, falls, hospitalization, IADL disability contributing to 
frailty (P < 0.05). On the contrary, sex, education, marital status, 
family income, BMI, and smoking appeared not to be in close 
association with frailty status (P > 0.05) (Table 2).
During an average follow-up of 12 months, compared with 
robust participants, participants in prefrail group (OR, 3.78; 95% 
CI, 1.27 to 11.23) and frail group (OR, 3.57; 95% CI, 1.20 to 
10.55) had an increased age adjusted risk of cognitive function 
decline. Compared with robust participants, frail group (OR, 
9.64; 95% CI, 2.63 to 12.32) had an increased risk of disability, 
whereas the associations were diminished in magnitude in 
prefrail group. The risk of hospitalization was significant in frail 
group (OR, 4.45; 95% CI, 1.25 to 7.88) whereas it did not reach 
statistical signi￿cance in prefrail group. ￿e associations between 
frailty indicators and fall appeared signi￿cant in frail group (OR, 
5.42; 95% CI, 1.71 to 17.16) which again showed diminished 
relationship in prefrail group (Table 3).
DISCUSSION 
Adverse health-related outcomes in an elderly person can 
be crucial for the individual and their families that are strongly 
linked to quality of life and future mortality. In this study, frailty, 
Table 3. Risks of cognitive decline, disability, fall and hospitalization 
for one year according to frailty status.* 
Adverse outcome
† Study of osteoporotic fractures index
Robust Prefrail Frail
‡
Cognitive function 
  decline
1.00 3.78 
(1.27-11.23)
‡
3.57 
(1.20-10.55)
Disability 1.00 2.93 
(0.72-11.87)
§
9.64 
(2.63-12.32)
Fall 1.00 1.66 
(0.47-5.90)
§
5.42 
(1.71-17.16)
Hospitalization 1.00 0.85 
(0.17-4.25)
§
4.45 
(1.25-7.88)
Values are presented as odds ratio (95% confidence interval).
*Analyzed with logistic regression model.
 †Age and sex adjusted. 
‡P 
< 0.05. 
§P > 0.05.Eun Young Shim, et al: Correlation between Frailty and Health-related Outcomes
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underlying the development of the clinical frailty syndrome. 
In Samper-Ternent et al.
29) study on relationship between 
frailty and cognitive decline over a 10-year period in older 
Mexican Ame ricans, a statistically significant association was 
found between frailty and subsequent decline in cognitive 
function. Also, they found that the risk of developing Alzheimer’
s disease was 2.5 times as high when frailty was present at baseline 
in a short term follow-up of 3 years.
30)  
This study has several limitations. The participants were 
restricted to only 2 senior welfare center visitors that can be 
biased to a limited pool of the elderly. Of the participants, there 
were no cases of mortality which could be overcome by longer 
follow-up period. In each adverse outcome, prefrail group showed 
diminished correlation compared to the frail group, which 
suggests that longer observation time and more participants are 
necessary. 
￿e major strength of our study is that is is the ￿rst a￿empt 
in Korea to find adverse outcomes after 1-year follow-up with 
relationships of frailty. It was hypothesized based on other studies 
conducted with di￿erent race and ethnicity and reached a result 
that the hypothesis could apply to Asians, especially elderly 
Koreans with age and sex adjustments. 
In conclusion, the frailty status as evaluated by SOF frailty 
index predicts risk of falls, disability, hospitalization, and cognitive 
decline in the elderly, indicating that frail elderly should be 
identified in clinical practice with interventions to reduce the 
adverse geriatric consequences. 
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